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as in Russell (2000) model in response to IMF variations. However, these previous studies did not have all sky images of two successive auroral onsets available for direct verification with other substorm signatures to manifest the physical progress as Russell (2000) suggested. Can they occur first at lower latitudes and then at higher ones? Can they be accompanied by magnetotail dipolarizations varying in two stages? What are exactly the characteristic features for double substorm onsets?setup of THEMIS magnetometer stations can refer to Russell et al. (2008) . But the magnetometer at LETH is run by the Athabasca University THEMIS UCLA magnetometer network (AUTUMN; http://autumn.athabascau.ca). And the magnetometer at FSMI is set up by the Canadian array for real-time investigations of magnetic activity (CARISMA) (Mann et al., 2008) .
Flow bursts, keograms, magnetograms and geomagnetic pulsations 5
Magnetic and flow burst observations by THEMIS probes, keograms, magnetograms and geomagnetic pulsations around their footprints for quiet-time and active-time events are respectively shown in Figs. 2-3 and 4-5. Figure 2a and b show three components of the ambient magnetic field B_GSM and the ion flow velocity Vi_GSM in the magnetotail observed by three selected THEMIS probes from distant to near Earth from 0540 to 0840 UT on 18 March 2009. In this study, sudden enhancements in ion flow velocity are called flow bursts. We simply map the onset time of ground Pi2s to flow bursts in the 10 magnetotail. Flow bursts are required to meet the criteria set by Angelopoulos et al. (1994) to be segments of continuous ion flow magnitude above 100 km/s and to begin with the velocity exceeding 100 km/s and end as the velocity below 100 km/s.
Their onsets are marked with the vertical dashed lines hereinafter. The ambient magnetic field and flow bursts in the magnetotail are in GSM coordinates. +x points to the Earth, +y to the dusk and +z to the geomagnetic north. Vperp_x denotes the x component of the velocity of flow bursts moving across the ambient magnetic field. Positive and negative 15
Vperp_x direct earth-bound and anti-earth-bound, respectively. To verify if flow bursts are earth-bound and not field-aligned, the Angelopoulos et al. (1994) approach is adopted to obtain the earthbound component of Vi_GSM perpendicular to B_GSM (named Vperp_xGSM hereinafter). From one can see that after the last onset of flow bursts, dipolarization-related field fluctuations became enhanced in two stages, clearly seen in the Bx and Bz components at THEMIS-A and marked with E1 and E2. By comparing to the AL index and IMF observations shown in the later section, one can find that a pair of magnetic fluctuations accompanied by dipolarization consecutively occurred in a distinct period of growth and then decline in AL as the IMF turned to south from north and then north again, corresponding to double onsets in a substorm as Russell (2000) suggested. In this study, multiple hydromagnetic 25 disturbances occurred in a sequence are marked with letters for identification in association with earth-bound flow bursts in the near-Earth magnetotail. Two consecutive onsets of hydromagnetic disturbances related to earth-bound flow bursts during a substorm associated with northward IMF turning are also marked with two serial numbers 1 and 2 for notation. We compared magnetotail observations to ground magnetic and auroral measurements in the same plot format adopted by Lyons et al. (2013) . The top two panels in Fig. 2c In addition, the H component at LETH enhanced after E1 and persisted through E2. The last two panels in Fig. 2c show three components of magnetic pulsations at SNAP and LETH that are 40 s running averaged. One can see that magnetic pulsations at SNAP are in the period range of Pi2-Ps6 and those at LETH in Pi2 instead.
In the same format as Fig. 2 Fig. 3c with the plot format like Fig. 2c . One can find from the top two panels in Fig. 3c that two distinct auroral activations marked with C1 and C2 appear to occur in a sequence. The middle three panels in Fig. 3c show three components of the magnetic field at SNAP, FSMI and near the footprints of THEMIS probes.
Two magnetic bays in H at SNAP occurred after C1 and C2 onsets. The magnitude of Z at SNAP had a slight increase after C1 and later sharply decreased before the C2 onset. After onset C2, the magnitude of Z at SNAP increased. The last two 20 panels in Fig. 3c show three components of magnetic pulsations in Pi2-Ps6 at SNAP and in Pi2 at LETH. These Pi2 at CHBG. These observational results suggest that there were two pseudosubstorm onsets at 0218 and 0230 UT followed by two substorm onsets at 0242 and 0251 UT.
In the same format as Fig. 2, Fig. 5 shows the similar observational results at active times with Kp~ 3 for the 24 February 2010 event reported by Connors et al. (2015) . One can find from Fig. 5a and b that magnetic dipolarization appears to have a two-stage variation accompanied by flow bursts, marked with #1 and #2, clearly seen at THEMIS-D and E. The keograms at 5 RANK and GILL from 0400 to 0500 UT on 24 February 2010 are displayed in Fig. 5c with the plot format like Fig. 2c . One can find from the top two panels in Fig. 5c that auroral activations feature a pseudobreakup followed by two breakups first occurring at GILL at 0426 UT and then at RANK at 0438 UT in a sequence. The middle panel in Fig. 4c shows that magnetic bay in H at RANK occurred after 0426 UT when the D component at PINE suddenly increased. The last two panels in Fig. 5c show three components of magnetic pulsations in Pi2-Ps6 at RANK and in Pi2 at PINE. These 10 observational results suggest that there were a pseudobreakup at 0411 UT followed by two substorm onsets at 0426 and 0438 UT.
All sky images
For further verification of auroral breakups found from the keograms, we also checked out THEMIS all sky images in the movie and mosaic archives during the time of interest. All sky images of aurora around footprints of THEMIS probes for the 15 of sky image at GILL to the lower part of sky image at RANK and then suddenly intensified and accompanied by westward and eastward expansions after 04:38:06 UT corresponding to the #2 onset. As a result, as in the quiet-time events studied by 30 Cheng et al. (submitted) , THEMIS all sky images show the same observational feature found from keograms that auroral breakups appear to occur at lower latitudes for the onset 1 than the onset 2 for the active-time events.
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Ground magnetic measurements at mid and very-low latitudes
Ground magnetic measurements at very low latitudes for quiet time events can refer to Cheng et al. (submitted) Fig. 9 . We browse the OMNI combined data to see if successive substormrelated disturbances respond to the incident IMF variations. The incident IMF in the upstream region, sensed by the ACE satellite at XGSM ~240 R E , is imitated as just outside the Earth's bow shock atXGSM~17.0R E using minimum variance 25 analysis (e.g. Weimer et al., 2003) . As shown in the top five panels of Fig. 9a , the IMF-By, Bz, clock angle, the solar wind speed (Vsw) and the solar wind dynamic pressure (Dp) measured by ACE in the upstream region are time shifted to the nose of the Earth's bow shock (named as OMNI data hereinafter) and by Geotail, orbited at the Earth's magnetosheath in the dawn sector, at XGSM ~ -4.0 R E from 0100 to 0400 UT on 16 February 2008. Mapping the onset time of substorm-related disturbances to the OMNI data, one can find from Fig. 9a that the time-shifted IMF appears to have the same variation as 30 seen by Geotail with larger magnitudes. The IMF Bz at Geotail varied with a clearer orientation cycle that turns to south from north and then back to north than OMNI having slight magnitude variation along the zero line. Moreover, both OMNI Ann. Geophys. Discuss., https://doi.org/10.5194/angeo-2018-116 Manuscript under review for journal Ann. Geophys. Discussion started: 18 October 2018 c Author(s) 2018. CC BY 4.0 License.
and Geotail sensed positive IMF By for each onset. Owing to Geotail having stronger IMF By than OMNI, the IMF clock angle remained 90 degree for OMNI and -90 degree for Geotail before the C2 onset. But as the IMF turned north after the C2 onset from south at the C1 onset, both had decreasing magnitude in the IMF clock angle. This shows the orientation change of the IMF to south from north and then north again that is the same as those found by Cheng et al. (2011) . Moreover, Vsw and Dp stayed around 650 km/s and 1.8 nPa, respectively. Their magnitudes do not have any sharp change then. In Fig. 9a,  5 the bottom two panels display that Kyoto-AL was above -300 nT and SYM-H higher than -15 nT. Both C1 and C2 onsets can be double onsets responsive to the IMF varying to south from north and back to north as Russell (2000) suggested. (2000) 15 suggested.
As a result, as Cheng et al. (submitted, 2018a) found from the quiet-time events, two consecutive substorm-related disturbances can occur in association with an IMF variation to south from north and back to north again under geomagnetic active intervals while Vsw and Dp remain unchanged.
Dynamic spectrums of ground pulsations 20
Dynamic spectrums of ground pulsations for quiet time events can refer to Cheng et al. (submitted, 2018a) but for active time events are shown in Fig. 10 . In order to have the temporal variation of pulsation frequency, we follow Cheng et al. (submitted, 2018a) to perform the wavelet transform of dH/dt and dD/dt. Figure 10a shows the dynamic spectrums of dH/dt and dD/dt at THEMIS/CARISMA ground stations along the meridian near the footprints of three selected THEMIS probes near East Coast from 0210 to 0310 UT on 16 February 2008. Three significant frequencies at 2, 4 and 6 mHz are denoted 25 with horizontal dashed lines. Figure 10a also shows that for A and B onsets, the significant spectral magnitude in dH/dt was around 6 mHz from RANK down to CHBG except GBAY and CHBG up to 10 mHz. For C1 onset, two harmonic significant frequencies are around 10 mHz and between 4-6 mHz (i.e. Pi2 band) at all stations. But after C2 onset, the significant spectral frequencies tend to decrease to ~ 2-6 mHz (i.e. Pi2-Ps6 band) from around 10 mHz. As for dD/dt, the dynamic spectrums are shown in Fig. 10b. From Fig. 10b , one can see that dD/dt has the same significant spectral magnitudes as in 30 dH/dt for A and B onsets. For C1 to C2 onsets, dD/dt has the same trend of decreasing dominant frequency as in dH/dt. In the same format as Fig. 10a, Figure 10c and d show the dynamic spectrums of dH/dt and dD/dt at THEMIS ground stations along Churchill line near the footprints of three selected THEMIS probes from 0400 to 0500 UT on 24 February 2010.
Likewise, one can see from Figure 10c -d that both dH/dt and dD/dt has the same trend of decreasing dominant frequency as in dH/dt from #1 to #2 onsets. As Cheng et al. (submitted, 2018a) found from the quiet-time events, these spectral analyses suggest that for two consecutive pulses at active times from auroral to lower latitudes, the dominant frequency of onset 1 seems to be Pi2-band higher than that of onset 2 being Ps6-band.
Discussion and summary 5
In this study, we have presented well-coordinated observations of hydromagnetic disturbances including remarkable auroral activations in double substorm onsets by the THEMIS mission at geomagnetic quiet and active times. During the interested times, THEMIS probes, at -8R E >XGSM>-20R E and 5R E >YGSM>-5R E , observed recurrent magnetic dipolarizations (see Figs. 2-5) in which the last one varied in two stages that is significant for justification of double onsets as Russell (2000) proposed.
And earth-bound flow bursts (see Fig. 2 ) are similar to the findings by (Baumjohann et al., 1990) earthbound flow bursts were detected in the magnetotail. Noteworthy, auroral breakups for onset 2 occur at higher latitude than for onset 1. In the meantime, the magnetometers at mid and very low latitudes sensed magnetic deflections like the ones influenced by the SCW formation (see Fig. 8 ) that is the same as Clauer and McPherron (1974) suggested. Moreover, two consecutive pulsations in the Pi2-Ps6 band period occurred simultaneously from high latitudes down to very low latitudes (see Figs. 2-5 ). These observational results support the suggestion by Shiokawa et al. (1998) that braking of earth-bound 20 flow bursts leads to Pi2 onset and the earlier finding that Ps6 can occur right after the Pi2 onset in a time sequence (Cheng et al., 2014 and references of therein).
Since two consecutive Pi2-Ps6 band pulsations and magnetic bays are coincident with auroral breakups, they can result from the flow bursts in the magnetotail as Kepko et al. (2004) suggested. During substorm-related activations, reconnectiondriven plasma injections or flow bursts in the magnetotail can excite hydromagnetic disturbances to propagate earth-bound in 25 fast waves and couple to local field lines in Alfvén waves (e.g. Cheng et al., 1998 Cheng et al., , 2004 Cheng et al., , 2009 ). Hence, their source site and travelling route can determine the dominant frequency of wave-driven geomagnetic pulsations which relies on the cavity extent, the field line span and the ambient plasma density. According to Russell (2000) , onset 1 can occur as the reconnection in the near Earth magnetotail initiates in the closed magnetic fields preceded by southward IMF turning and subsequently onset 2 can appear as the reconnection further reaches the open magnetic fields after discontinuation of the 30 reconnection in the distant Earth magnetotail by northward IMF turning. This suggestion is supported by the observations of magnetic dipolarization varying in two stages (see Fig. 2 ) and all sky images of auroral breakups for onset 2 occurring at Ann. Geophys. Discuss., https://doi.org /10.5194/angeo-2018-116 Manuscript under review for journal Ann. Geophys. Discussion started: 18 October 2018 c Author(s) 2018. CC BY 4.0 License.
higher latitude than onset 1 (see Fig. 4 ). The onsets of substorm-related activations mapped to the incident solar wind at the nose of the Earth's magnetopause demonstrate their occurrence in a time sequence while the northward IMF turns southward and then northward again (see Fig. 9 ). Using wavelet transformation of dH/dt and dD/dt for the active-time events as in Cheng et al. (submitted, 2018a) , their dynamic spectrums have the spectral features of double substorm onsets triggered by northward IMF turning (see Fig.10 ). 5 Like Cheng et al. (submitted, 2018a ), the present study shows new observational findings for the last two onsets on 16
February 2008 having a two-stage variation of magnetic dipolarization in the magnetotail, two auroral breakups of which the first occurring at lower latitudes than the second, and two consecutive Pi2-Ps6 band pulsations. Likewise, we have done the similar analysis of the 24 February 2010 event during the geomagnetic active time with Kp ~ 2 studied by Connors et al. (2015) . The comparison of geomagnetic active and quite events of two substorm onsets in response to the IMF variations 10
shows that the occurrence sequence of all required substorm signatures looks the same and not different for small and large
Kp..
We note that previous statistical studies ( Morley and Freeman, 2007; Freeman and Morley, 2009; Newell and Liou, 2011) test if every northward IMF turning leads to substorm onset. With analysis of their selected data, they conclude that a period of southward IMF and magnetospheric loading is a necessary condition for substorm to occur but not for northward IMF. 15
Hence, they argue that substorms appear to be a magnetospheric internal process and northward IMF turning is not necessary for substorm triggering. However, their conclusions come from single-satellite observations with an assumed propagation time delay and based on satellite global images for identification of substorm onset only. With different criteria of event selection from previous works, this study, following Cheng et al. (submitted, 2018a) , adopts more other substorm signatures from THEMIS space and ground-based measurements for identification and focuses on two consecutive onsets occurring in 20 a cycle of growth-to-decay in the AL index and under an IMF variation cycle of north-to-south and north again. The first substorm onset does not have to occur after northward IMF turning. For justification, as in Cheng et al. (submitted, 2018a) , we have performed correlation analysis of IMF By and Bz in the upstream region versus those at the dayside Earth's magnetopause for the active-time events (see Fig. 11 ).
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